Class 0 protostars, the youngest type of young stellar objects, show many signs of rapid development from their initial, spheroidal configurations, and therefore are studied intensively for details of the formation of protoplanetary disks within protostellar envelopes. At millimetre wavelengths, kinematic signatures of collapse have been observed in several such protostars, through observations of molecular lines that probe their outer envelopes. It has been suggested that one or more components of the protomultiple system NGC 1333-IRAS 4 (refs 1, 2) may display signs of an embedded region that is warmer and denser than the bulk of the envelope 3,4 . Here we report observations that reveal details of the core on Solar System dimensions. We detect in NGC 1333-IRAS 4B a rich emission spectrum of H 2 O, at wavelengths 20-37 mm, which indicates an origin in extremely dense, warm gas. We can model the emission as infall from a protostellar envelope onto the surface of a deeply embedded, dense disk, and therefore see the development of a protoplanetary disk. This is the only example of mid-infrared water emission from a sample of 30 class 0 objects, perhaps arising from a favourable orientation; alternatively, this may be an early and short-lived stage in the evolution of a protoplanetary disk.
Class 0 protostars, the youngest type of young stellar objects, show many signs of rapid development from their initial, spheroidal configurations, and therefore are studied intensively for details of the formation of protoplanetary disks within protostellar envelopes. At millimetre wavelengths, kinematic signatures of collapse have been observed in several such protostars, through observations of molecular lines that probe their outer envelopes. It has been suggested that one or more components of the protomultiple system NGC 1333-IRAS 4 (refs 1, 2) may display signs of an embedded region that is warmer and denser than the bulk of the envelope 3, 4 . Here we report observations that reveal details of the core on Solar System dimensions. We detect in NGC 1333-IRAS 4B a rich emission spectrum of H 2 O, at wavelengths 20-37 mm, which indicates an origin in extremely dense, warm gas. We can model the emission as infall from a protostellar envelope onto the surface of a deeply embedded, dense disk, and therefore see the development of a protoplanetary disk. This is the only example of mid-infrared water emission from a sample of 30 class 0 objects, perhaps arising from a favourable orientation; alternatively, this may be an early and short-lived stage in the evolution of a protoplanetary disk.
NGC 1333-IRAS 4B (henceforth IRAS 4B) and its neighbour NGC 1333-IRAS 4A (IRAS 4A) lie about 320 pc away 5 . Considered among the archetypal protostars, they are often taken to be a proto-triple system, with IRAS 4B single, and IRAS 4A a 1.8-arcsec binary (projected separation 600 AU), 31 arcsec away from IRAS 4B (ref. 6 ). Both IRAS 4A and IRAS 4B have high-velocity outflows 7, 8 . That of IRAS 4B is not well resolved spatially, but is presumed to be bipolar, viewed close to the outflow axis 1, 2 . Both also have dense, cold, approximately spheroidal envelopes, which are resolved at millimetre and submillimetre wavelengths. Millimetre-wavelength tracers of dense molecular gas reveal kinematic symptoms of collapse in both envelopes 1, 2 . IRAS 4A is marginally detected in Spitzer Space Telescope-Infrared Array Camera (IRAC) images, and IRAS 4B not at all; only extended emission, resembling scattered light from an outflow cavity viewed close to its axis, is seen by IRAC at 3.6 mm and 4.5 mm (R. A.
Gutermuth, personal communication).
A decade ago, the ISO Long-wavelength Spectrograph (ISO-LWS) was used to observe the IRAS 4 system 3, 4 . With its 90-arcsec beam, this instrument could not resolve IRAS 4A from IRAS 4B, but it did detect many emission lines thereabouts, among them several lowlying rotational transitions of H 2 O. Under the assumption that the water emission arises equally from IRAS 4A and IRAS 4B, observers 3 showed that this emission probably probes a cold outer component of the envelopes, and an inner component warm enough (T . 120 K) that dust-grain mantles have sublimated to increase greatly the gas-phase abundance of water. They could not, however, rule out an origin of the water emission in the outflows associated with IRAS 4A and IRAS 4B.
IRAS 4A and IRAS 4B are part of a sample of 30 class 0 objects, which we observed with the Spitzer Infrared Spectrograph (IRS) in 2004-5. Initially we observed these objects in low spectral resolution (l/Dl 5 60-120), with results as shown in Fig. 1 . In many of the surveyed objects we detect spectral lines of molecular hydrogen, and fine-structure lines of low-ionization-potential ions and atoms, usually associated with outflows. in detail (Fig. 2) . Besides the [S I] 25.249 mm and [Si II] 34.815 mm lines, which can be ascribed to IRAS 4B's outflow, we detect a total of 48 spectral lines that we can assign to 75 pure-rotational transitions of H 2 O, seen either singly or in spectrally unresolved combinations. Significantly, all of these lines belong to the ground vibrational manifold of H 2 16 O; no vibrationally excited or 'isotopic' water lines are seen. Only the lines at wavelengths greater than 29.8 mm have ever been detected outside the Solar System before, and those only in bright supergiant stars 9, 10 . We also detect seven narrow emission features that we have not succeeded in identifying, but that cannot be due to any well-known molecular or atomic transitions. In the following we will discuss the water-line emission exclusively.
Many important features of the physical state of the emitting material are obtained to good approximation from a simple, conventional model: a plane-parallel slab, with uniform temperature, density high enough that the rotational energy levels of water have thermal-equilibrium populations, and velocity gradient large compared with the ratio of thermal speed and slab thickness. Radiative transfer is included via the escape-probability formalism 4, 11 . We leave the slab's temperature, water column density and emitting area, the extinction towards the slab, and the background continuum temperature, as free parameters. Figure 2 is a plot of the observed spectrum and best-fitting model, and . This is many orders of magnitude too dense to be associated with IRAS 4B's outflow or outer envelope: the source of emission must be in the vicinity of the protostar. But it is not particularly hot at the core of IRAS 4B. The highest-excitation lines we observe are very temperature-sensitive; their faintness relative to the others indicates that there is little material warmer than 170 K.
Predictions from spherical collapsing-envelope models of class 0 objects 12, 13 do not match the observed spectrum; nor do the combinations of density, temperature and emitting area in these models resemble those we have inferred. Our model values are, however, appropriate for dense gaseous disks embedded within such envelopes 14, 15 . Thus the water emission probably shows us, we believe for the first time, accretion from a protostellar envelope by a protoplanetary disk [14] [15] [16] . In Fig. 3 we sketch a cross-section of this arrangement of collapsing envelope and disk. Radiation heating would not suffice to heat such a large area of the disk to 170 K (ref. 17) , nor would shocks from spiral density waves; an accretion shock is probably involved. Complex models of our spectrum of IRAS 4B should thus reveal many long-sought details of the assembly of protoplanetary disks. It is based on a plane-parallel slab, with uniform temperature and density and a large velocity gradient (LVG), treated with the escape-probability formalism 4, 11 . Outside the slab we assume interstellarlike extinction 20 from a foreground screen. Parameters of water (energy levels, A-coefficients, and so on) we adopt from the HITRAN database 21 . We suppose that the rotational levels are excited by collisions with hydrogen molecules, and neglect radiative pumping. The latter assumption is justified after modelling, as the line opacities and background intensity are small. However, accurate collisional excitation rate coefficients are only available for two-thirds of the states involved 22, 23 . As a first approximation, we assume thermal-equilibrium populations, and an ortho/para abundance ratio of 3. The assumption of thermal equilibrium implies a molecular hydrogen density approaching these states' critical densities for collisional deexcitation, which lie in the range 10 10 -10 12 cm 23 (see Supplementary  Information) . The results are not sensitive to the isotopologue relative abundances, for which we adopt the solar abundances of oxygen and hydrogen isotopes. The continuum beneath the lines is blackbody emission to high accuracy, which presumably arises from the optically thick disk behind, or at larger radii than, the slab. This leaves slab temperature, water column density, emitting area, extinction and continuum temperature as free parameters, and we have varied these parameters to produce a minimum-x 2 fit, with reduced x 2 5 16 (see Table 1 ). Except for the density, these values result from the model fit to the observed spectrum in Fig. 2 . Formally, the temperatures are uncertain by 62 K, and the extinction is uncertain by 650 mag in A V . The uncertainties in the remaining quantities are dominated by that in the extinction (see Supplementary Information), and are not independent of one another; typically, the maximum uncertainty in these quantities is approximately a factor of two. 14 . The molecular-hydrogen density of the infalling gas (green dots, blue dots) reaches roughly 3 3 10 9 cm 23 or greater (see Supplementary Information) before encountering the disk (black). There the material's deceleration in a 2 km s 21 accretion shock produces the warm, extremely dense (.10 10 cm
23
) layer (magenta), with properties as in Table 1 , that in turn produces the water-line emission we detect. Our view of the object, as indicated, is close to face-on.
According to the model, the brightest lines have peak optical depth t 5 6-10, but most of the others are optically thin. From the gas temperature and flux of the optically thick lines, we calculate the emitting area to be 6,000 AU 2 on the side facing us. From the optically thin lines we obtain the mass of water, 7.5 3 10 24 g, counting both disk faces. Assuming that all of the solar abundance of oxygen not taken up by CO is present in the gas phase as water (H 2 O/H 2 5 1.5 3 10 24 )-consistent with rapid sublimation of dust-grain ice mantles expected at T 5 170 K-the total gas mass is ,6 3 10 27 g (,M Earth ). The detected water, if condensed, would fill the Earth's oceans about five times.
Also according to the model, the detected water emission comprises about 30% of the total luminosity emitted from water. (The model also predicts far-infrared water lines fainter than those detected by ISO-LWS 3, 4 , suggesting that the latter observations were dominated either by the envelope or the outflow.) Corrected for extinction and this fraction, the water-line luminosity radiated by both faces of the disk is 0.03L [ (where L [ is the solar luminosity). Usually 15, 18 , water emission is the dominant coolant of dense molecular material.
Consider material in the envelope, falling freely from a great distance at a steady rate _ m m to the disk at radius r, and entering a single, non-magnetic shock at speed v. The post-shock gas temperature T and cooling luminosity L are given by
where M is the mass of the protostar, m the mean molecular mass (,m(H 2 )), c the ratio of specific heats (,7/5), G the gravitational constant, and k Boltzmann's constant. We have measured T and L, and thence obtain v 5 2 km s 21 and _ m m~0:7|10 {4 M 8 yr {1 (where M [ is the solar mass) similar to that inferred for the outer envelope's infall rate 1, 2 , and much greater than would be inferred for the protostar from its luminosity. We can also evaluate combinations of M and r ; for example, if r 5 50 AU, then M 5 0.14M [ , and the shock extends over a r 5 40-60 AU annulus.
At such high density (10 10 -10 11 cm 23 ), heating of dust in gas-grain collisions, along with optically thin thermal radiation by this dust, is probably a significant coolant of the post-shock gas. Accordingly, we should regard the mass accretion rate obtained above as a lower limit to the actual rate.
IRAS 4B is alone in our sample of class 0 objects in its midinfrared water-line emission, and the inferred disk-accretion activity. Perhaps high extinction and unfavourable line-of-sight orientation obscure such emission in the other systems. Alternatively-and more interestingly-we may have observed an early and short-lived stage of protoplanetary disk formation.
